This study investigates the effect of temporary agency work on the user firmÕs productivity. We hypothesise that using temporary agency work to enhance numerical flexibility and to screen job candidates may increase productivity, whereas temporary workersÕ lower firm-specific human capital and spillover effects on the userÕs permanent employees may adversely affect productivity. Other than the sparse existing literature on this issue, we exploit a large panel data set and control for timeinvariant and time-varying unobserved heterogeneity by using the system GMM estimator. We find a robust hump-shaped effect of the extent of temporary agency work on the user firmÕs productivity.
In recent years, there has been a substantial interest in and much controversy about flexible forms of labour. A special focus has been laid on strategies that aim at numerical flexibility of labour utilisation. Due to its rapid worldwide growth and its significant deregulation in many countries, temporary agency work (TAW) is at the heart of this debate. Typical research questions include, among others, the determinants of TAW use (Houseman, 2001; Mitlacher, 2007; Vidal and Tigges, 2009 ), whether TAW is a stepping stone to regular employment (Autor and Houseman, 2006; Ichino et al., 2008; Kvasnicka, 2009) or whether there is a wage penalty for temps (Forde and Slater, 2005; Autor and Houseman, 2010; Jahn, 2010) .
Although the potential for realising cost reductions is one of the reasons given for the use of TAW (Houseman, 2001; Oberst et al., 2007) , up to now there is almost no evidence on the effects of TAW on the user firmÕs productivity. This comes as a surprise because both productivity and cost considerations are interchangeable in firmsÕ profitmaximising rationale and because the direction of the productivity effect remains unclear: whereas gains in flexibility following TAW use can be expected to increase the user firmÕs productivity, TAW may also harm productivity as temporary agency workers arguably possess less firm-specific human capital and permanent employeesÕ morale may suffer from TAW use. Therefore, it is questionable whether TAW is just a low-road strategy of bidding down labour cost with negative effects on labour relations and productivity, or rather a productivity-enhancing instrument to meet flexibility requirements. Investigating the effect of TAW use on the user firmÕs productivity is crucial in providing an answer to this question.
The few existing studies by Arvanitis (2005) , Kleinknecht et al. (2006) and Bryson (2007) , which use cross-sectional data, and the panel study by Beckmann and Kuhn (2009) obtain rather mixed productivity results. This study is intended to improve on these earlier studies in at least two ways: our large German panel data set allows us to apply fixed effects and system GMM estimators thereby addressing both time-invariant and time-varying unobserved firm heterogeneity, the presence of which may result in a spurious TAW-productivity correlation. We also allow for a flexible relationship between the extent of TAW use and the user firmÕs productivity because our theoretical considerations suggest the effect to be non-linear.
The study is organised as follows: Section 1 presents some basic facts on TAW in Germany. Section 2 provides evidence on user firmsÕ reasons to utilise TAW, derives our hypotheses about the impact of TAW use on their productivity and shortly reviews the existing empirical literature on this issue. Section 3 describes our data set and also presents some descriptive evidence on TAW use in Germany. Section 4 exposes our econometric approach. Our results are presented and discussed in Section 5, and Section 6 concludes.
Institutional Backdrop
Like in most countries worldwide, the German temporary work industry has grown considerably in the last years. The number of employed full-time equivalent workers has roughly quadrupled since 1998 and doubled since 2004. In 2010, temporary work agencies employed 793,000 full-time equivalent workers, which amounted to about 2.0% of the total active working population of Germany (CIETT, 2012) . 1 Although there had been a substantial fall in both the number of temporary work agencies and temporary agency workers in 2009 as Germany had been hit by the ÔGreat RecessionÕ, the temporary work industry fully recovered and is again growing at considerable pace. Interestingly, around 70% of the total loss in employment (covered by social security) in 2009 was borne by the TAW sector, whereas 35% of the substantial employment gain in the 2010 recovery appeared in this sector (Federal Employment Agency, 2012) . This underscores the role of TAW as a flexibility instrument for firms, which we will discuss in more detail in Section 2.
Turning to the characteristics of TAW in Germany, temps are predominantly male, concentrated in manufacturing, are typically poorly qualified (Antoni and Jahn, 2009) and earn considerably less than perms (Jahn, 2010) . Although durations of both assignments to user firms and employment at agencies are rather short (Antoni and Jahn, 2009) , the former are nonetheless long by international comparison (CIETT, 2012) .
One of the main reasons for the rapid growth in TAW in Germany is seen in the massive relaxation of legal hindrances to TAW use (Mitlacher, 2007; Antoni and Jahn, 2009) . In Germany, as in most European countries, TAW was heavily regulated in the past, but has seen a widespread deregulation in recent years. When legalising TAW in 1972, the Temporary Employment Agencies Act (Arbeitnehmerüberlassungsgesetz), which is the national law governing TAW in Germany, included strict regulations. This holds particularly with respect to the employment contract between the temp and the agency, which is the tempÕs employer hiring out the worker to the user firm. Among these regulations, there were a maximum period of assignment, a prohibition of fixed-term contracts, a ban on re-employment as well as a synchronisation ban (requiring the tempÕs employment contract with the agency to exceed his or her first assignment) and -from 2002 onwards -a principle of equal treatment between temps and perms in user firms.
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Since the 1990s, however, there have been repeated reforms that deregulated TAW markedly. In particular, the latest and most significant reform in 2003 allowed agencies to free themselves from all these regulations by signing sectoral collective agreements defining, among others, collectively agreed sectoral minimum wages for temps covered by the agreement, which almost all of the agencies did. Consequently, the regulations stipulated in the Temporary Employment Agencies Act ceased to have any virtual impact (Antoni and Jahn, 2009) .
Apart from the elimination of legal hindrances to TAW use, another likely reason for using TAW is GermanyÕs highly regulated labour market (Boeri, 2011) . TAW may be used to circumvent regulations that make labour adjustment costly, such as strict dismissal protection (Jahn, 2009 ) and significant restraints on fixed-term contracts (Mitlacher, 2007) . It is important to bear this in mind when hypothesising about the likely impact of TAW use on the user firmÕs productivity.
Theoretical Considerations and Review of the Literature
When discussing the impact of TAW use on the user firmÕs productivity, we focus on four different channels: flexibility, screening, human capital and spillover effects on permanent employees.
3 But before hypothesising about the productivity effect of TAW, it is worthwhile discussing the reasons why firms utilise TAW.
In the 2010 wave of the IAB Establishment Panel, which is the data set used in the following analysis (described in detail in Section 3), user plants (i.e. plants that reported to have assigned some temps in the preceding two years) were asked which among a list of possible reasons were important for their TAW use. As can be seen from Table 1 , most of these user plants reported temporary requirements such as seasonal needs and peaks in demand (73%) and tempsÕ fast availability (71%) as important reasons for their use of TAW, and 39% and 40% of them, respectively, regarded these as their most important motives. Next, uncertainty about economic prospects is cited by 28% of user plants as an important reason, although only 8% of them considered it as most important. Notably, 87% of users reported one of these three items, which mainly reflect TAW use due to flexibility requirements, as most important. Thus, only 13% of user plants regarded other motives as most decisive: the use of TAW as a screening device before offering permanent jobs to job candidates, which is at the heart of the stepping-stone literature, is an important reason for just 19% of users and only cited by 3% of them as most important. Similarly, 19% (2%) of user plants reported savings on 2 For details, refer to Antoni and Jahn (2009). 3 Note that in the following discussion, we do not distinguish between the literature on the productivity impact of temporary contracts and the (sparse) literature explicitly focusing on the productivity effect of TAW as the channels discussed in both literatures are basically the same.
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[ A U G U S T recruitment and separation costs as (most) important. Finally, 13% of users answered that they used TAW to obtain workers whose qualification is hard to find on the regular labour market, whereas 5% of them regarded this as their most decisive reason. As these numbers make clear, the predominant reason for employing temps in Germany is firmsÕ attempt to meet flexibility requirements, where TAW serves as a means of achieving numerical flexibility within a two-tier labour market characterised by strong dismissal protection and marked restraints on other types of flexible labour like temporary contracts. TAW allows firms to handle variability in demand, to buffer their regular workforce during downturns thus allowing them to sustain internal labour markets and to carry on production when regular workers are temporarily absent. For instance, worker absenteeism is not only likely to affect productivity by underutilisation of machines but also by thwarting other workers relying on the absenteeÕs input. Hence, TAW may help the user firm avoid situations of underutilised capital and ⁄ or labour, thereby increasing output per worker. The gain in flexibility and the reduced frictions in operational sequences following TAW use should therefore add to the user firmÕs productivity.
Moreover, user firms that utilise TAW as a means of screening workers before offering permanent jobs to them (Autor, 2001 ) may gain in productivity. For temps employed in these user firms, TAW may be a stepping stone into permanent employment and thus provides an incentive to exert more effort than perms (Engellandt and Riphahn, 2005; Ichino and Riphahn, 2005) . 4 On the other hand, in firms that do not use TAW to screen workers, these incentives are absent, and temps may show lower levels of commitment to the user firm than perms due to short assignment durations (cf. Pearce, 1993) . However, most of the empirical literature finds that temps are no less committed to the user firm than perms (see, for instance, the survey article by De Cuyper et al., 2008) . Turning to human capital considerations, temps are likely to be less productive on average than perms because of their lower level of specific (and in the German case also general) human capital. As temps are expected to stay shorter in the user firm than perms, both the temp and the user firm have lower incentives to invest in the tempÕs firm-specific human capital (Bentolila and Saint-Paul, 1992; Wasmer, 2006 ). Yet, temps may also supply highly specialised work rendering it cost-effective for small or mediumsized firms to employ temps rather than perms for these specialised tasks. Additionally, as we saw above, firms may find it hard to hire specialised workers in the regular labour market and therefore resort to TAW. In both these latter cases, employing temps may benefit the user firmÕs productivity rather than harming it.
5
Finally, spillover effects on the user firmÕs permanent employees may affect productivity. On the one hand, one may argue that TAW serves as a stick to threaten perms and thus to enhance their productivity (Bryson, 2007) . On the other hand, there is empirical evidence that the extent of temps in the user firmÕs workforce and the length of their assignments adversely affect permsÕ commitment to the user firm and increase their turnover intention while worsening relations among employees (George, 2003; Broshak and Davis-Blake, 2006) . Furthermore, Kraimer et al. (2005) find that perms with low levels of job security tend to perceive temps as a threat to their jobs and react reciprocally by decreased job performance. Spillover effects on perms are therefore likely to adversely affect the user firmÕs productivity.
In sum, from a theoretical perspective, the productivity effect of TAW use is ambiguous. Although increased flexibility and screening activities are likely to add to the user firmÕs productivity, human capital considerations and spillover effects on perms point at forces adversely affecting productivity. As negative spillover effects seem to be more relevant the more temps are assigned, we expect user firms with moderate TAW use to experience the most positive (or least negative) productivity effect. It is therefore crucial to allow for a flexible relationship between the extent of TAW use and the user firmÕs productivity as will be done in our empirical analysis.
Turning to the empirical evidence, up to now, there are only a few studies investigating the relationship between TAW use and the user firmÕs productivity, which obtain rather mixed results. The main reason for this lack of evidence probably is that data on TAW use are typically absent from enterprise data sets. Arvanitis (2005) presents evidence for Switzerland and finds a positive but insignificant effect of TAW use on average labour productivity. However, he has only crosssectional data and is only able to utilise information on the importance of TAW use in the user firm on a five-point scale. BrysonÕs (2007) study uses nationally representative cross-sectional data from the UK and arrives at mixed results. He finds that TAW presence has a significantly positive effect on sales per worker, but no impact on a subjective measure of workplace productivity and the value added per employee. Kleinknecht et al. (2006) make use of a small panel data set for the Netherlands. In pooled regressions, they get an insignificantly positive overall impact on firmsÕ growth rate of sales. 5 As noted by a referee and investigated by Bryson (2007) , the productivity effect of TAW may depend on the type of temps assigned. As a case in point, it may differ for temps undertaking different types of occupations. In order to investigate this aspect, we would need more information on both temps and their assignments, which is not available in our data set.
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[ A U G U S T However, none of these studies allows for a flexible relationship between TAW use and productivity as the extent of TAW use either enters linearly (Kleinknecht et al., 2006) or as a dummy (Arvanitis, 2005) or as a group of only two dummy variables (Bryson, 2007) . What is more, none of these studies is able to address unobserved heterogeneity at the firm level, which is of prime importance to dispel endogeneity concerns regarding the use of TAW. In contrast, a current study by Beckmann and Kuhn (2009) uses German panel data and IV methods to investigate the effect of TAW on the user firmÕs sales. In their regressions, the share of temps in the workforce enters linearly and quadratic or as a group of three dummy variables in order to allow for a non-linear relationship. Whereas their baseline OLS and fixed effects results point at an inversely U-shaped relationship, instrumenting firmsÕ temp share with a groupspecific mean of temp shares (groups according to plant size, sectors and the like) yields the same pattern but implausibly large effects in the linear-quadratic specification (e.g. a maximum productivity effect of roughly 400% in their IV fixed effects regressions) and no positive effect in the dummy specification, casting doubts on their IV approach. 6 We intend to contribute to the literature on the productivity effect of TAW use in several ways: we use current information from a large German panel data set comprising the years 2003-9 and thus a stable regulatory environment. Applying fixed effects and system GMM estimators, we address both time-invariant and time-varying unobserved firm heterogeneity. In particular, we take account of the simultaneity of input choices and firm-level productivity shocks to infer the effect of TAW use on the user firmÕs productivity. As our theoretical considerations suggest a non-linear relationship between TAW use and productivity, we allow for a flexible relationship by either adding a polynomial in the temp share or a group of dummy variables.
Data
The data set used in the following analysis is the IAB Establishment Panel of the Institute for Employment Research (Institut für Arbeitsmarkt und Berufsforschung, IAB) of the German Federal Employment Agency (Bundesagentur für Arbeit).
7 It consists of a stratified random sample of plants (not companies) that employ at least one worker covered by social security at the 30th June of a year. Every year since 1993 (1996) , the IAB Establishment Panel has surveyed the same plants from all industries in western (eastern) Germany. Response rates of units that have been interviewed repeatedly exceed 80%. The IAB Establishment Panel was created to serve the needs of the Federal Employment Agency, so that the focus on employment-related topics is predominant. Questions deal, among other things, with the plantÕs number of employees, the composition of its workforce (e.g. the number of temps, fixed-term workers, skilled workers and the like), its commitment to collective agreements, the existence of a works council, the plantÕs sales and intermediate inputs (in the previous year), its export share and its technological status. 6 What is more, Beckmann and KuhnÕs (2009) 
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In the following, we use information from the IAB Establishment Panel encompassing the years 2003-9 in order to investigate the effect of TAW use on the plantÕs gross value added.
8 Note that we do not include earlier waves because the marked regulatory changes in TAW taking place before 2003 (see Section 1) may affect our results and because continuous TAW data are not available for waves earlier than 2002 due to changes in the questionnaire.
Before turning to our regression sample, it is worthwhile to use our data set to map the marked growth in TAW in Germany outlined in Section 1, which is possible as the IAB Establishment Panel is representative of all plants in Germany. Using the PanelÕs cross-sectional weights, we find that in 2010 (all following numbers refer to the 30th June of the respective year) 1.5% of all employees in Germany were temps. As can be seen from Figure 1 , between 2003 and 2008 there has been a steady growth in this number from 0.7% to 1.9% followed by a sharp drop during the ÔGreat RecessionÕ and a recovery thereafter. Notably, TAW use grew both at the extensive and the intensive margin, that is both the shares of user plants among all plants and the percentage of temps among these plantsÕ employees increased significantly. Between 2003 and 2008, the share of user plants grew from 2.0% to 3.5% whereas the share of temps among user plantsÕ employees nearly doubled from 4.2% to 7.9%. Interestingly, the aggregate growth in the percentage of temps among employees is predominantly driven by plants 8 The sectors included in our sample are manufacturing, trade and repair, transport and communication, industrial services (excluding real-estate activities), as well as hotels and restaurants. Note that a small number of plants in our data set report implausibly high shares of temps in their workforces (up to 100%). For some of these plants, the 2008 wave of our data set contains information indicating that they are actually temp agencies rather than user plants. For these plants, we obviously have misreporting in the number of temps employed as these are permanent employees to temp agencies. In order to mitigate possible problems of misreporting, we decided to drop observations belonging to plants with the 0.25% highest temp shares. As a consequence, we exclude 49 plants from our sample.
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[ A U G U S T with 50 or more employees whereas small plants with <10 employees, which are not covered by the German dismissal protection, show no growth in TAW use at all (see Figure 2 ). 24 .4% (1,556) used TAW in some or all of the years observed. The average temp share at the plant level is 1.0% for all plants and 3.8% for those plants making use of TAW at least sometimes in the period of observation. Among these 1,556 user plants, there is quite a lot of variability in the share with most plants making modest use of TAW but some of them relying more heavily on it: the interdecile range in the average temp share at the plant level is 10.2 percentage points (with a first decile of only 0.4% and a ninth decile of 10.6%), and the distribution is heavily skewed right.
Econometric Approach
To investigate the effect of TAW use on the user plantÕs productivity, we fit productivity regressions. As a starting point, we regress the log gross value added in y it of plant i in period t on either a polynomial in the percentage of temps in the plantÕs workforce or a set of dummy variables TAW it and several control variables x it . Including a plant fixed effect v i and a period fixed effect e t , our baseline productivity regression is given by 
with the idiosyncratic error component e it . Model (1) therefore addresses the problem of time-invariant unobserved heterogeneity between plants, such as differences in management ability or differences in flexibility requirements stemming from different production technologies, which may otherwise yield a spurious productivity -TAW relationship not driven by TAW use per se. However, time-varying unobserved heterogeneity within plants may also be present, and thus endogeneity concerns still arise. As a case in point, unobserved productivity shocks that are part of the idiosyncratic error may systematically influence both gross value added and the number of temps assigned. As a consequence, estimated coefficients from a fixed effects regression may still be biased. By the same token, other input choices are likely to suffer from simultaneity bias, too. To address the problem of both time-invariant and time-varying unobserved heterogeneity correlated with covariates in (1), we decided to make use of the system GMM estimator (GMM-SYS).
9
In essence, the GMM-SYS estimator combines time differencing of the model to get rid of the plant fixed effect with instrumenting endogenous covariates with both lagged levels and lagged differences of these covariates. The starting point is time differencing model (1) to arrive at
where D denotes the differencing operator. As noted by Hsiao (1981, 1982) , without absent any second-order autocorrelation (or of higher orders) in the differenced errors De it (i.e. without any autocorrelation in the untransformed e it ), lags of endogenous covariates from t À 2 (e.g. TAW i;tÀ2 ) are valid instruments for the endogenous differenced covariates (e.g. DTAW it ) as these lags are uncorrelated with De it . Taking productivity shocks as an example, these lagged variables had been realised before the shock took place and for this reason cannot suffer from simultaneity bias. To improve precision, Arellano and Bond (1991) propose adding further lags from t À 2 onwards as additional instruments yielding the difference GMM estimator (GMM-DIFF). As pointed out by Blundell and Bond (1998) , the GMM-DIFF estimator may perform poorly due to weak instruments if between plant variation in productivity (captured by the variance of plant fixed effects) is important relative to within plant variation or if the regressand (and thus productivity shocks) shows high persistence. To mitigate this problem thereby further improving precision, Arellano and Bover (1995) propose additionally instrumenting current levels of endogenous covariates (e.g. TAW it ) with lagged differences of these covariates (e.g. DTAW i;tÀ1 ) yielding the GMM-SYS estimator. Intuitively, this corresponds to additionally estimating a levels equation such as (1) 9 For a textbook exposition of the GMM-SYS estimator, see Baltagi (2008, ch. 8) . Alternative approaches that have attracted considerable interest in the literature are the control function estimator by Olley and Pakes (1996) and refinements by Levinsohn and Petrin (2003) . In these approaches, investments or intermediate inputs, respectively, are used as proxy variables for unobserved productivity shocks (for a recent overview, we refer to Van Beveren, 2012) . We also applied both proxy-variable approaches to check the robustness of our results. This yields very similar results to our baseline OLS regressions presented in the next Section. In particular, estimated productivity effects of TAW use remain almost the same.
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[ A U G U S T and removing the correlation with the plant fixed effect from the instruments rather than the regression equation. For the GMM-SYS estimator to work, it is essential for the model to be dynamically complete, that is to remove any autocorrelation from the idiosyncratic errors e it . For this purpose, x it may also include lagged values of the regressand. To evaluate the validity of the GMM-SYS estimation, two tests are common: the Arellano-Bond test which tests for the absence of second-order autocorrelation in the transformed idiosyncratic errors De it and the Hansen test which tests the validity of the imposed overidentifying moment conditions directly. If the nulls of both tests cannot be rejected, this points at the validity of the GMM-SYS estimation results.
Results
As outlined in the last Section, we now fit some productivity regressions to investigate the effect of TAW use on the user plantÕs productivity. We regress log gross value added on either a polynomial or a set of nine dummy variables reflecting the percentage of temps in the plantÕs workforce as well as several control variables. First of all, controls capturing the composition of the plantÕs workforce are included. We add the percentages of females, apprentices and skilled workers.
10 As other forms of flexible employment could be substitutes for or complements to TAW, the percentage of freelancers as well as the percentages of casual, marginal, part-time and fixed-term employees in the plantÕs workforce are controlled for. Furthermore, we control for the legal and organisational framework of the plant by including dummies indicating foreign ownership, non-branch plants and incorporated firms. We also add 24 industry, 16 state and 7 year dummies. The industrial relations regime is accounted for by the inclusion of dummies for the existence of a works council, a collective agreement and the joint existence of both. The logs of the plantÕs capital and labour inputs enter linearly, so that we arrive at a Cobb-Douglas specification.
11 As the data set -like many other plant-level data sets -does not contain direct information on plantsÕ capital stock but only on investments, we apply the modified perpetual inventory approach proposed by Mueller (2008) to construct it. This results in a more reliable approximation of the capital stock than by just taking investments as a proxy, in particular when exclusively within-plant variation is used in the estimation. As additional information on the quality of both inputs, we also include the plantÕs churning rate and a set of four dummy variables capturing the technical state of the capital stock. For some descriptive statistics of our sample, see Table 2 .
As a baseline, we estimate the Cobb-Douglas production function using pooled OLS with standard errors clustered at the plant level, the results of which are presented in Table 3 . The coefficients of the control variables show no surprises and those of the TAW dummies point at a hump-shaped relationship between the extent of TAW use and the user firmÕs productivity. There is a significant positive effect of TAW use up to 15% of temps in the workforce, with a peak between 7.5% and 10% of 10 Skilled workers are those workers having completed at least an apprenticeship. This group therefore also comprises graduates from universities and polytechnics.
11 As a check of robustness, we also experimented with more flexible functional forms, viz. CES and translog specifications. This did not change our insights.
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temps. At this peak, the maximum productivity effect amounts to 20.5 log points (i.e. 22.8%). When using more temps, however, the productivity effect becomes small and insignificant. In a second specification, the percentage of temps enters linearly and quadratically rather than as a set of dummies. The coefficient of the linear term is positive, whereas the coefficient of the quadratic term is negative, and both are significant at the 1% level. 12 These results point at an inversely U-shaped relationship between TAW use and productivity with a maximum productivity effect of 14.1 log points at a temp share of 12.8%. For a comparison of these and the following results, we also refer to Figure 3 , which provides a diagrammatic representation of estimated productivity effects. Notes. The data set used is the IAB Establishment Panel, years 2003-9. 12 Including the percentage of temps in the workforce just linearly gives a small positive TAW coefficient. Tables 3-5   F228 [ A U G U S T To address time-invariant unobserved plant heterogeneity as a source of endogeneity, we also estimate the Cobb-Douglas production function using the fixed effects within estimator (for the results, see Table 4 ). Turning to the dummy specification, all the coefficients of the TAW dummies -except for the dummy indicating a temp share of more than 20% -are reduced markedly in magnitude. Nonetheless, we still find a hump-shaped relationship with a significantly positive and increasing productivity 
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effect up to a temp share of 10-15% and a maximum productivity effect of 12.9 log points. 13 In the linear-quadratic specification, again both the linear and the quadratic term have significantly positive or negative coefficients (at the 1% level), respectively, and the maximum productivity effect amounts to 8.6 log points at a temp share of 13.7%.
However, the fixed effects results may still suffer from simultaneity bias because plants may choose their inputs in response to time-varying unobserved heterogeneity such as productivity shocks. To address this, we now apply the GMM-SYS estimator discussed in Section 4. In the GMM-SYS estimation, endogenous covariates are instrumented with both lagged values and lagged differences of these covariates. As a consequence, the more flexible dummy specification used above poses the problem of weak instruments as past changes (levels) in the dummy variables bear little information on current levels (changes) of them. For this reason, Table 5 presents results from GMM-SYS estimation for the linear-quadratic specification only. To achieve the modelÕs dynamic completeness required for GMM-SYS to give reliable estimates, we include lagged log gross value added as additional covariate. Note that both the nulls Notes. The data set used is the IAB Establishment Panel, years 2003-9. The regressand is log gross value added. Standard errors (clustered at the plant level) are given in parentheses. A set of year dummies is included. ** (*) indicates statistical significance at the 1% (5%) level.
13 Note that the coefficients of the TAW dummy variables are jointly significant at the 1% level and that there are also statistically significant differences among them. For example, the coefficients of the dummies reflecting temp shares of 2.5-5% and more than 20% differ significantly (at the 1% or 5% level, respectively) from both the coefficients of the dummies representing temp shares of 10-12.5% and 12.5-15%.
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[ A U G U S T Notes. The data set used is the IAB Establishment Panel, years 2003-9. The regressand is log gross value added.
Reported coefficients are two-step GMM estimates. Robust standard errors using the finite-sample correction proposed by Windmeijer (2005) are given in parentheses. A set of year dummies is included. ** (*) indicates statistical significance at the 1% (5%) per cent level. All covariates except for the year dummies are treated as endogenous and are instrumented by twice lagged levels (or deeper lags) in the differenced equation and lagged first differences (or deeper lags) in the levels equation.
of the Arellano-Bond test and the Hansen test cannot be rejected with p-values of 0.212 and 0.217, respectively, so that we regard the GMM-SYS results as valid. As in the OLS and fixed effects regressions, the coefficient of the linear term is positive whereas the coefficient of the quadratic term is negative, and both coefficients are statistically significant (at the 5% level). The results thus point at an inversely U-shaped productivity effect of TAW use, with a maximum effect of 13.3 log points at a temp share of 11.3%. As can be seen from Figure 3 , we obtain a robust hump-shaped productivity effect of TAW use in all our specifications, where plants with temp shares around 7.5-15% benefit most. On the other hand, both non-users and heavy users with temp shares around 20% or above show significantly lower productivity than plants using some TAW.
14 To scrutinise the robustness of our results further, we run some robustness checks. As outlined in Section 1, the current German regulatory framework of TAW came into effect in the beginning of 2003. Yet, implementing the manifold regulatory changes may have taken some time, so that observations for 2003 could still be affected by the previous regulatory regime. What is more, in the beginning of 2004 the German dismissal protection legislation was changed. In particular, the threshold value for the applicability of dismissal protection was raised from more than 5 to more than 10 employees; for details, see Jahn (2009) . As flexibility requirements seem to be the predominant reason for utilising TAW (see Section 2), this may have altered the use of TAW. As a check of robustness, we run GMM-SYS productivity regressions excluding observations from the 2003 wave of our data set. In a similar vein, small plants with 10 or less employees in their workforces are generally not subject to dismissal protection and may therefore resort to a lesser extent to TAW. It is therefore interesting to know whether our results carry over when only plants that are subject to dismissal protection are considered. To check this, we repeat our analysis excluding small plants with 10 or less employees from our sample. Eventually, as we have an unbalanced panel of plants, it may also be worthwhile to assess whether excluding exiting plants from our sample makes a difference. 15 As Table 6 makes clear, our findings stay robust in all three cases with very similar coefficients. In particular, maximum productivity effects and peaks are close to the results from our preferred GMM-SYS specification in Table 5 .
Conclusions
In this study, we estimate the effect of TAW on the user plantÕs productivity. Theoretically, we argue that using TAW to augment flexibility or to screen job candidates is 14 Taken at face value, our results from the linear-quadratic specifications would predict negative productivity effects for plants with large temp shares, that is, temp shares of more than 22.6% in our preferred GMM-SYS specification. We restrain ourselves, though, from this interpretation as in this specification (as in the other linear-quadratic specifications) predicted productivity effects are negative for only very few observations, viz. 73 observations belonging to 56 plants. 15 As one referee presumed, heavy TAW usage may reflect user plantsÕ desperate efforts to carry on before exiting the market, which could, in turn, give rise to a downward bias in the estimated productivity effect for heavy users. To shed some light on this conjecture, we ran several models to explain determinants of plant exits. Interestingly, no positive partial correlation between the temp share and the probability of exiting our sample showed up. So, heavy TAW users seem not to be more likely to exit our sample than other groups of plants.
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[ A U G U S T likely to result in productivity gains whereas temporary workersÕ lower firm-specific human capital and spillover effects on user plantsÕ permanent employees may adversely affect productivity. Estimating a Cobb-Douglas production function with OLS, fixed effects and system GMM estimators, we find a robust hump-shaped productivity effect of the share of temps in the user plantÕs workforce. Our preferred system GMM specification, which tackles endogeneity problems stemming from both time-invariant and time-varying unobserved heterogeneity, points at a maximum productivity effect of 14.2% (13.3 log points) at a temp share of 11.3%. Both non-users and heavy users with temp shares of 20% or more are significantly less productive than plants using some TAW. When interpreting these results, it is important to bear in mind that the vast majority of user plants resort to TAW to such an extent that the estimated productivity effect is positive. As 87% of user plants reported flexibility requirements as their most important reason for using TAW, most plants seem to use TAW as a productivity-enhancing instrument to augment their flexibility. Turning to heavy TAW users, it is important to stress, though, that plants are not exclusively concerned with productivity. Heavy users may more than make up for lost productivity gains via lower labour costs and thus resort to TAW as a profit-maximising low-road strategy of bidding down labour costs. 16 Challenging this view, a recent study by Nielen and Schiersch (2011) finds a U-shaped relationship between firmsÕ unit labour cost and the share of total labour costs spent on TAW, which is in line with a hump-shaped productivity effect of TAW (with productivity showing up in the denominator of unit labour cost). What is more, most plants do not remain heavy users for long: in our sample, only around a third of those plants that employ 20% of temps or more in one period do so in the next period. In our eyes, heavy TAW use therefore seems to Notes. The data set used is the IAB Establishment Panel, years 2003-9. The regressand is log gross value added.
Covariates and instruments are the same as those reported in Table 5 . Reported coefficients are two-step GMM estimates. Robust standard errors using the finite-sample correction proposed by Windmeijer (2005) are given in parentheses. * indicates statistical significance at the 5% level.
be mainly a temporary phenomenon and unlikely to reflect a low-road strategy of bidding down labour costs.
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